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1
METAL GATE TRANSISTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method for fabricating semicon-
ductor device, and more particularly, to a method for fabri-
cating high-k metal gate transistors.

2. Description of the Prior Art

With a trend towards scaling down size of the semiconduc-
tor device, conventional methods, which are used to achieve
optimization, such as reducing thickness of the gate dielectric
layer, for example the thickness of silicon dioxide layer, have
faced problems such as leakage current due to tunneling
effect. In orderto keep progression to next generation, high-K
materials are used to replace the conventional silicon oxide to
be the gate dielectric layer because it decreases physical limit
thickness effectively, reduces leakage current, and obtains
equivalent capacitor in an identical equivalent oxide thick-
ness (EOT).

On the other hand, the conventional polysilicon gate also
has faced problems such as inferior performance due to boron
penetration and unavoidable depletion effect which increases
equivalent thickness of the gate dielectric layer, reduces gate
capacitance, and worsens a driving force of the devices. Thus
work function metals are developed to replace the conven-
tional polysilicon gate to be the control electrode that com-
petent to the high-K gate dielectric layer.

However, there is still a continuing need in the semicon-
ductor processing art to develop semiconductor device ren-
ders superior performance and reliability after the conven-
tional silicon dioxide or silicon oxynitride gate dielectric
layer is replaced by high-K gate dielectric layer and conven-
tional polysilicon gate is replaced by metal gate.

SUMMARY OF THE INVENTION

A method for fabricating metal gate transistor is disclosed.
The method includes the steps of: providing a substrate hav-
ing a NMOS region and a PMOS region; forming a dummy
gate on each of the NMOS region and the PMOS region
respectively; removing the dummy gates from each of the
NMOS region and the PMOS region; forming a n-type work
function layer on the NMOS region and the PMOS region;
removing the n-type work function layer in the PMOS region;
forming a p-type work function layer on the NMOS region
and the PMOS region; and depositing a low resistance metal
layer on the p-type work function layer of the NMOS region
and the PMOS region.

According to another aspect of the present invention, a
metal gate transistor is disclosed. The metal gate transistor
includes a substrate, a metal gate on the substrate, and a
source/drain region in the substrate adjacent to the metal gate.
The metal gate includes a high-k dielectric layer, a bottom
barrier metal (BBM) layer on the high-k dielectric layer, a
first work function layer on the BBM layer, and a low resis-
tance metal layer on the first work function metal layer.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1-4 illustrate a method for fabricating a semicon-

ductor device having metal gate according to a preferred
embodiment of the present invention.
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2
DETAILED DESCRIPTION

Referring to FIGS. 1-4, FIGS. 1-4 illustrate a method for
fabricating a semiconductor device having metal gate accord-
ing to a preferred embodiment of the present invention. In this
embodiment, the semiconductor device is preferably a
CMOS transistor, in which the method preferably utilizes a
gate-last approach accompanying a high-k last fabrication. As
shown in FIG. 1, a substrate 100, such as a silicon substrate or
a silicon-on-insulator (SOI) substrate is provided. A first
region and a second region are defined on the substrate 100,
such as a NMOS region 102 and a PMOS region 104. A
plurality of shallow trench isolations (STT) 106 is formed in
the substrate 100 for separating the two transistor regions. It
should be noted that even though a high-k last process is
utilized in this embodiment, a high-k first process could also
be employed according to the demand of the product.

A dummy gate is then formed on each of the NMOS region
102 and the PMOS region 104 respectively. The fabrication of
the dummy gates could be accomplished by carrying out a
series of deposition processes by forming an interfacial layer
114, a silicon layer 116, and a hard mask 118 on the substrate
100, and then patterning the hard mask 118, silicon layer, 116
and interfacial layer 114 to form a first gate structure and a
second gate structure in the NMOS region 102 and PMOS
region 104. Preferably, the interfacial layer 114 is composed
of oxide or nitride, the silicon layer 116 using as a sacrificial
layer is composed of undoped polysilicon, polysilicon having
n+ dopants, or amorphous material, and the hard mask 118 is
selected from a group consisting of SiO,, SiN, SiC, and
SiON.

It should be noted that even though the dummy gates are
fabricated on the substrate 100 directly, the present invention
could also be applied to non-planar transistor technology
such as a fin field effect transistor (FinFET) technology, and
in such instance, fin-shaped structures will be first formed on
the substrate and dummy gates will be formed on the fin-
shaped structures thereafter. As the process for fabricating
fin-shaped structures is well known to those skilled in the art,
the details of which is not explained herein for sake of brevity.

Next, ion implantations are carried out in the NMOS region
102 and the PMOS region 104 to form a lightly doped drain
128 in the substrate 100 adjacent to two sides of the first gate
structure 120 and the second gate structure 122, and a spacer
126 is formed on the sidewall of the gate structures 120 and
122, in which the spacer may include an offset spacer 164 and
amain spacer 166. After the offset spacer 164 is formed on the
sidewall of the first gate structure 120 and second gate struc-
ture 122, a selective epitaxial growth process could be carried
out to form an epitaxial layer 132 in the substrate 100 adjacent
to two sides of the offset spacer 164 of the PMOS region 104,
in which the epitaxial layer 132 preferably includes silicon
germanium.

After the epitaxial layer 132 is formed, a main spacer 166
is formed on the sidewalls of the offset spacer 164, and
another ion implantation is carried out to form a source/drain
region 130 in each ofthe NMOS region 102 and PMOS region
104. It should be noted that even though the ion implantation
for the source/drain regions 130 is conducted after the forma-
tion of the epitaxial layer 132, the source/drain regions 130
could also be formed before the epitaxial layer 132, which is
also within the scope of the present invention.

A salicide process could be performed thereafter by first
forming a metal selected from a group consisting of cobalt,
titanium, nickel, platinum, palladium, and molybdenum on
the epitaxial layer 132 and the source/drain 130, and then
using at least one rapid thermal anneal process to react the
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metal with epitaxial layer 132 and the source/drain 130 for
forming a silicide layer 134 on the surface of the epitaxial
layer 132 and the source/drain 130 of the NMOS region 102
and PMOS region 104. The un-reacted metal is removed
thereafter.

Next, a contact etch stop layer (CESL) 136 is deposited on
the first gate structures 120 and the second gate structures
122, and a process such as flowable chemical vapor deposi-
tion, FCVD) is carried out to form an interlayer dielectric
(ILD) layer 138 on the CESL 136.

Next, as shown in FIG. 2, a planarizing process, such as a
chemical mechanical polishing (CMP) process is performed
to partially remove the ILD layer 138, CESL 136, and hard
mask 118 so that the top of the dummy gates composed of
silicon within the first gate structure 120 and the second gate
structure 122 are exposed and substantially even with the
surface of the ILD layer 138.

Next, a replacement metal gate (RMG) process is con-
ducted to form a metal gate in each of the NMOS region 102
and PMOS region 122. According to a preferred embodiment
of the present invention, the RMG process could be carried
out by first performing a selective dry etching or wet etching
process, such as using etchants including ammonium hydrox-
ide (NH,OH) or tetramethylammonium hydroxide (TMAH)
to remove the silicon layer 116 from the first gate structure
120 and the second gate structure 122 without etching the ILD
layer 138 for forming a recess 140 in each transistor region
102 and 104.

Next, a high-k dielectric layer 142 is deposited via an
atomic layer deposition (ALD) process or a metal-organic
chemical vapor deposition (MOCVD) process into the recess
140 and on the surface of the ILD layer 138. According to a
preferred embodiment of the present invention, the RMG
process includes approaches such as gate first process, high-k
first process from gate last process, high-k last process from
gate last process, or silicon gate process. The present embodi-
ment is preferably accomplished by employing the high-k last
process from the gate last process, hence the high-k dielectric
layer 142 preferably has a “U-shaped” cross section. The
high-k dielectric layer 142 could be made of dielectric mate-
rials having a dielectric constant (k value) larger than 4, in
which the material of the high-k dielectric layer 142 may be
selected from hafnium oxide (HfO,), hafnium silicon oxide
(HfS10,), hafnium silicon oxynitride (HfSiON), aluminum
oxide (Al,O;), lanthanum oxide (La,0;), tantalum oxide
(Ta,0y), yttrium oxide (Y,0;), zirconium oxide (ZrO,),
strontium titanate oxide (SrTiO;), zirconium silicon oxide
(ZrS10,), hatnium zirconium oxide (HfZrO,), strontium bis-
muth tantalate (SrBi,Ta,O,, SBT), lead zirconate titanate
(PbZr Ti, ,O;, PZT), barium strontium titanate (Ba, Sr,_,
TiO;, BST) or combination thereof.

Next, as shown in FIG. 3, a bottom barrier metal (BBM)
layer is deposited on the high-k dielectric layer 142. The
BBM layer may be a single layer or a composite layer com-
posed of two or more layers, and in this embodiment, the
BBM layer is preferably composed of two separate layers 144
and 145, in which the layers 144 and 145 may be composed of
same or different materials. According to a preferred embodi-
ment of the present invention, the layers 144 and 145 may be
composed of materials selected from a group consisting of
TiN and TiSiN, in which one of the layers 144 or 145 being
composed of TiN while the other layer being composed of
TiSiN. It is to be noted that the utilization of TiSiN in the
BBM layer could improve the barrier performance of the
device substantially.

A n-type work function layer 146 is then deposited on the
BBM layer 145 of the NMOS region 102 and PMOS region
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4

104, and an etching process may be carried out to remove the
n-type work function layer 146 in the PMOS region 104.
Preferably, the n-type work function layer 146 has a work
function ranging between 3.9 eV and 4.3 eV and may be
selected from a group consisting of titanium aluminide
(TiAl), zirconium aluminide (ZrAl), tungsten aluminide
(WAL), tantalum aluminide (TaAl), and hafnium aluminide
(HfAI), but not limited thereto.

Next, a p-type work function layer 148 is deposited. Pref-
erably, the p-type work function layer 148 has a work function
ranging between 4.8 eV and 5.2 eV and may be selected from
a group consisting of titanium nitride (TiN), tantalum nitride
(TaN), and tantalum carbide (TaC), but not limited thereto. As
the surface of the BBM layer 145 in the PMOS region 104 is
exposed at this moment, the p-type work function layer 148 is
deposited on the surface of the n-type work function layer 146
of'the NMOS region 102 and the BBM layer 145 of the PMOS
region 104.

Next, as shown in FIG. 4, a low resistance metal layer 150
is deposited on the p-type work function layer 148 of the
NMOS region 102 and PMOS region 104. Preferably, the low
resistance metal layer 150 is selected from a group consisting
of Al, Ti, Ta, W, Nb, Mo, Cu, TiN, TiC, TaN, Ti/W, TiAl,
CoWP, and composite metal such as Ti/TiN, but not limited
thereto. After the low resistance metal layer 150 is deposited,
aplanarizing process, such as a CMP process could be carried
out to planarize the low resistance metal layer 150, the pt-type
work function layer 148, and the n-type work function layer
146 for forming a metal gate 152 in each of the NMOS region
102 and PMOS region 104. This completes the fabrication of
a metal gate transistor.

According to an embodiment of the present invention, a
metal gate transistor structure is further disclosed from the
aforementioned process, in which the metal gate transistor
includes a substrate, a metal gate on the substrate, and a
source/drain region in the substrate adjacent to the metal gate.
The metal gate preferably includes a high-k dielectric layer, a
bottom barrier metal (BBM) layer on the high-k dielectric
layer, a first work function layer on the BBM layer; and a low
resistance metal layer on the first work function metal layer.
The BBM layer preferably includes TiSiN, the high-k dielec-
tric layer is preferably U-shaped, and a spacer is formed
around the metal gate. The metal gate transistor may be a
PMOS transistor or a NMOS transistor, in which the PMOS
transistor would preferably include a p-type work function
layer while the NMOS transistor would preferably include
both a p-type work function layer and a n-type work function
layer. It should be noted that even though the aforementioned
embodiment pertains to a high-k last process so that a struc-
ture with U-shaped high-k dielectric layer is fabricated, the
present invention could also be applied to a high-k first pro-
cess for producing a structure with I-shaped high-k dielectric
layer, which is also within the scope of the present invention.

Overall, by forming a n-type work function layer on the
NMOS region and PMOS region, removing the n-type work
function layer in the PMOS region, forming a p-type work
function layer on the NMOS and PMOS region, and then
deposit a low resistance metal layer on the p-type work func-
tion layer thereafter, the present invention is able to provide a
much simpler RMG scheme while improving the perfor-
mance of the device. Specifically, in contrast to the conven-
tional RMG scheme of depositing p-type work function layer
before the formation of n-type work function layer, and then
depositing an additional top barrier metal before the filling of
low resistance metal layer thereby resulting issues such as
critical gating for gap fill, extra p-type work function layer
pullback process for gap fill window, and higher cost, the
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RMG scheme of the present invention could eliminate the
needs of forming an extra top barrier metal to enlarge the gap
fill window in the PMOS region and ultimately lower the cost
of the fabrication process substantially.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A metal gate transistor, comprising:

a substrate;

a metal gate on the substrate, wherein the metal gate com-
prises:
a high-k dielectric layer;
abottom barrier metal (BBM) layer on the high-k dielec-

tric layer, wherein the BBM layer comprises TiSiN;

a first work function layer on the BBM layer;
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a second work function layer between the BBM layer
and the first work function layer, wherein the first
work function layer comprises a p-type work function
layer and the second work function layer comprises a
n-type work function layer; and

a low resistance metal layer on the first work function
metal layer;

a source/drain region in the substrate adjacent to the metal

gate.

2. The metal gate transistor of claim 1, further comprising
a spacer around the metal gate.

3. The metal gate transistor of claim 1, wherein the metal
gate transistor comprises a PMOS transistor.

4. The metal gate transistor of claim 3, wherein the first
work function layer comprises a p-type work function layer.

5. The metal gate transistor of claim 1, wherein the metal
gate transistor comprises a NMOS transistor.

6. The metal gate transistor of claim 1, wherein the high-k
dielectric layer is U-shaped.

#* #* #* #* #*



